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In the postgenome era, employment of high-throughput data via the integrated use of resources from various domains 
will lead to the generation of new knowledge and testable hypothesis. In this bioinformatic research, we utilized 
published chromatin immunoprecipitation microarray (ChIP-chip) results for the promoter binding by E2F1 or E2F4 
proteins observed in the primary human WI-38 cells to infer the potential transcription factor binding sites (TFBS). We 
have compiled “gene vs. motif” and “motif vs. gene” tables from more than 2,700,000 computational predicted tran-
scriptional regulatory motifs representing the regulatory potential for 230 transcription factors families within the 
proximal promoter sequence (1,200 nucleotides) of human genome. From this approach, for the first time, the tran-
scription of 23 genes is predicted to be under the control of a cis-regulatory module containing four TFBS motifs 
(CREB, E2F, NF-Y and Nrf-1).
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Introduction
Several tools had been developed to search for the 
overrepresented motifs and cis-regulatory ele-
ments and modules from the promoter sequences of 
a gene set; however, it is also interesting to search 
for the genes of which the promoters contained a 
precomputed cis-regulatory module.1,2 We have 
compiled a “gene vs. motif” table using a scoring 
system adopted previously.3
Materials and Methods
Briefly, more than 2,700,000 computational pre-
dicted transcriptional regulatory motifs representing 
the regulatory potential for 230 transcription fac-
tors families (TRANSFAC 10.2) within the proximal 
promoter sequence (1,200 nucleotides) of human 
genome (NCBI36, 22,254 genes) are prepared. The 
nucleotide sequences were evaluated for its simi-
larity to each transcription factor binding motif 
(position weight matrix) using a log-likelihood ratio 
score with a sixth-order Markov background model. 
A statistical method is employed to identify the sig-
nificantly overrepresented transcription factor bind-
ing site motifs in the promoter sequences of a gene 
set and the pairs of transcription factor binding site 
motifs showing a significant co-occurrence rate.3 
This method can suffice to answer the question of 
what are overrepresented transcription factor bind-
ing site motifs of the promoter sequences of a given 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Novel potential E2F target genes 69
gene sets. Importantly, we move further by address-
ing the question of what are the genes which the 
promoter sequence contains the identified over-
represented transcription factor binding sites. 
For achieving this, we prepared the “motif vs. gene” 
table, demonstrating the potential gene targets of 
each transcription factor binding motif.
Results
A total of 115 genes bound by either E2F1 or E2F4 
observed in the primary human WI-38 cells through 
ChIP-chip (chromatin immunoprecipitation micro-
array) experiment4 were used as an example. First, 
we used the algorithm mentioned above3 (“gene vs. 
motif” table) to reveal the overrepresented tran-
scription factor binding site motifs in the proximal 
promoter sequence of the gene sets (115 genes). 
Four motifs forming a cis-regulatory module (CREB, 
E2F, NF-Y and Nrf-1) are found to be enriched (p ≤ 0.001 
for the individual motif; p ≤ 0.03 for the co-occurring 
motifs). CREB,5 E2F,6 NF-Y7 and Nrf-18 had been 
observed to be involved in the regulation of cell 
cycle and cell proliferation and our computation 
result is similar to those of the previous study.3
We next sought to address the question of what 
are the genes of which the promoter sequences 
contain the identified transcription factor binding 
site motifs, CREB, E2F, NF-Y and Nrf-1. We em-
ployed the “motif vs. gene” table and revealed 27 
overrepresented genes (p ≤ 5 × 10−7, Table 1), of 
which the promoter sequences contain the identi-
fied transcription factor binding site motifs, CREB, 
E2F, NF-Y and Nrf-1. It is interesting to note that 
only one gene (ENSG00000094916) appeared in the 
original gene sets (115 genes). In order to confirm 
if the promoter sequences of these 27 genes still 
harbored the identified transcription factor bind-
ing site motifs (CREB, E2F, NF-Y and Nrf-1), we in-
vestigated the promoter sequence of 27 genes. We 
found the same four transcription factor binding 
site motifs (p ≤ 0.001) are found enriched in the pro-
moter sequence of 27 genes. Interestingly, if we only 
focused on the regions in the conserved promoter 
sequences obtained by comparing human and mouse 
genomes (ECRbase9), the four transcription factor 
binding site motifs (CREB, E2F, NF-Y and Nrf-1) are 
also enriched in the promoter sequence of 27 genes.
In order to discover the possible link between 
transcription factor E2F and 27 genes, we searched in 
the National Center for Biotechnological Information 
PubMed (http://www.ncbi.nlm.nih.gov/PubMed) for 
publications that demonstrated the involvement of 
the gene product in cell cycle control that is closely 
related to the function of E2F family. The search 
results can be categorized into three groups run-
ning from 1 to 3 with increasing confidence (Table 
1). Fourteen out of the 27 (52%) genes fall into 
Category 3 with experimental evidence demons-
trating the involvement of the gene product or its 
interacting partner on the cell cycle control. In 
this category, the direct interaction of the distal 
promoter sequence of four genes with E2F has been 
observed (ENSG00000094916,4 ENSG00000197903,4,10 
ENSG00000181218,11 ENSG0000010505310) (Table 
14,11−25). Two out of the 27 genes (category 2, 7%) 
were found to be involved in the maintenance of 
genome stability during cell cycle. We cannot find the 
information for the relationship between the func-
tion of eleven genes (category 1, 41%) and E2F.
Discussion
E2F has the most abundant binding sites (54 TFBS) 
in the promoter regions of the 27 identified genes, 
while CREB and NF-Y have less binding sites (Table 2). 
TFBS in the region 300 bps upstream the transcription 
start sites occupies 50% of the whole TFBS (Table 2), 
indicating the possible distance effect.
Analyzing the spatial arrangement prompts four 
most abundant linked TFBS (the direction is from 
upstream to downstream): E2F-NF-Y (11 genes), NF-
Y-E2F (11 genes), CREB-E2F (10 genes) and CREB-
NF-Y (10 genes). However, in this study, we cannot 
predict that those two transcription factors inter-
act with each other directly or indirectly.
Table 2  Contribution and localization of four transcription factor binding site (TFBS) in the promoter regions of 
27 identified genes
 CREB E2F NF-Y NRF-1 No. of TFBS per region
−1200 to −900 bp  3  8  1  1 13
−900 to −600 bp  5  6  2  1 14
−600 to −300 bp 10  19 18  7 54
−300 to −1 bp 23  21 26  11 81
No. of TFBS for each TF  41  54 47 20 
CREB: cAMP response element-binding; NF-Y: nuclear factor Y; NRF-1: nuclear respiratory factor 1; bp: base pair.
70 W.S. Tzou
This observation warrants further experimental 
design for testing if the expression of these 23 
genes is controlled by CREB, E2F, NF-Y and Nrf-1.
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